Introduction
Gestational diabetes mellitus (GDM) is defined as a carbohydrate tolerance disorder that occurs for the first time during pregnancy or exists prior to pregnancy but has not been diagnosed previously. GDM is the most common metabolic disorder in pregnant women, and its incidence varies from 2% to 13%, depending on the country and the diagnostic criteria. 1,2 A higher incidence of GDM was determined using the 75 g oral glucose tolerance test (OGTT), as recommended by the International Association of Diabetes and Pregnancy Study Groups in 2010. 3 This test was also suggested in "The Hyperglycemia and Adverse Pregnancy Outcome" study. 4 Moreover, the two-step approach is currently endorsed by the American College of Obstetricians and Gynecologists. 5 The two-step approach includes 50 g oral glucose challenge test (GCT) for screening and a following 100 g 3-hour OGTT for the diagnosis of GDM.
GDM can recur at ratios of between 1/3 and 2/3 during succeeding pregnancies, 6 and compared with normoglycemic pregnant women, patients who develop GDM have a 4.69-fold higher risk of developing diabetes mellitus (DM) during the 5-year period that follows the pregnancy and a 9.34-fold higher risk of developing DM after the 5-year period that follows the pregnancy. 7 GDM is a major cause of perinatal (fetal macrosomia, shoulder dystocia, birth trauma, asphyxia, stillbirth, and polyhydramnios), neonatal (respiratory distress syndrome, hypoglycemia, hyperbilirubinemia, submit your manuscript | www.dovepress.com
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Sargın et al hypocalcemia, prematurity, and polycythemia), and maternal (preeclampsia, operative delivery, and urinary system infections) morbidity. 8, 9 Therefore, screening for GDM is important to prevent potential complications and to determine the risks both during and after pregnancy. The occurrence of insulin resistance and increases in the placental secretion of diabetogenic hormones, including progesterone, growth hormone, placental lactogen, and corticotropin-releasing hormone, during pregnancy are well known. 10, 11 GDM occurs as a consequence of insufficiencies in pancreatic function. Previous studies have shown that inflammation plays a role in the development of GDM and type 2 DM, and the association between GDM and type 2 DM and the interleukins (ILs), tumor necrosis factor-alpha (TNF-α), interferonγ, transforming growth factor-β, adiponectin, leptin, resistin, visfatin, and C-reactive protein (CRP) has been demonstrated in these studies. [12] [13] [14] [15] [16] [17] However, the costs and technical difficulties associated with the use of these inflammatory markers in daily clinical practice have limited their use. The clinical settings in low-and middle-income countries with poor resources face feasibility problems of applying typical screening procedures and diagnostic criteria. Hence, it is important to develop more practical and low-cost screening tests 18 so that screening for GDM may be available and applicable in primary health care setting with newer practical tools.
The neutrophil-to-lymphocyte ratio (NLR) and the platelet-to-lymphocyte ratio (PLR) are inflammatory markers that can be easily, rapidly, and inexpensively determined. NLR and PLR have been used as markers of inflammation or metastasis in cancers 19 and inflammatory bowel disease, 20 as prognostic markers in ischemic heart disease, 21 and as screening tests for complications associated with DM. They have also been investigated as markers of the occurrence of hyperemesis gravidarum 22 and preeclampsia 23 and to determine the preeclampsia grade. 24 NLR alone has been investigated for its ability to predict GDM. 25 Therefore, in this study we aimed to investigate whether NLR and/or PLR could be utilized to screen for GDM by comparing these ratios in pregnant women with normal blood glucose levels and in pregnant women with GDM and impaired glucose tolerance (IGT).
Subjects and methods
This prospectively designed retrospective study was conducted between January 2013 and November 2015 in the Gynecology and Obstetrics Clinic at the Fatih Sultan Mehmet Training and Research Hospital. Ethical approval was obtained and the study protocol was reviewed and approved by the Fatih Sultan Mehmet Training and Research Hospital, The Commission of the Scientific Researches. Due to this being a retrospective study, patient consent was not obtained. Pregnant women who had performed a 50 g oral GCT and those whose plasma blood glucose levels were $140 mg/dL in the first hour following 100 g 3-hour OGTTs were included in the study.
The women's age, body mass index (BMI), gravidity, parity, number of abortions, number of ectopic pregnancies, and the gestational age at which the tests were performed were recorded. To determine whether a woman should be assigned to a group containing individuals at a high risk for GDM, she was questioned about whether she had been overweight before the pregnancy, whether she had experienced rapid weight gain, and whether she had an unfavorable obstetric history, including GDM, during previous pregnancies, unexplained stillbirths, fetal anomalies and fetal macrosomia, and about diseases experienced by any first-degree relatives who had elevated risks of DM and GDM, including metabolic syndrome, polycystic ovary syndrome, and the use of corticosteroids. The complete blood counts, serum biochemistry values, complete urinalysis results, fasting blood glucose levels, and the results from the 50 g oral GCT were recorded. The gestational age was calculated based on the date of the woman's last menstruation or first trimester ultrasonography. The blood counts and the urinalyses were performed on the same day as the glucose tolerance test (GTT). Pregnant women who had blood glucose levels ,140 mg/dL following the 50 g oral GCT were assigned to the normal glucose tolerance (NGT) or control group. Pregnant women with fasting blood glucose levels $126 mg/dL were considered to have overt diabetes. The screening tests were considered positive if the blood glucose levels were $140 mg/dL following the 50 g oral GCT. A 3-day standard diet that comprised a daily intake of at least 250 g carbohydrates was administered. Following a 12-hour fasting, blood samples were collected from the antecubital veins from 8 am to 10 am while the women were seated, and the venous blood glucose levels were measured during the first, second, and third hours following a 100 g OGTT. A diagnosis of GDM was established in accordance with the Carpenter and Coustan criteria, if two or more blood glucose values were higher than the defined cutoff values, namely, fasting blood glucose levels ,95 mg/dL and blood glucose levels of ,180 mg/ dL, ,155 mg/dL, and ,140 mg/dL during the first, second, and third hours, respectively, and IGT was diagnosed based on a single high value. Pregnant women with normal 100 g OGTT results were assigned to the only screen positive (OSP) group. Pregnant women who had blood glucose levels $200 mg/dL 2 hours after loading were considered to have overt diabetes. The diabetes treatment administered to the patients who were diagnosed with GDM, namely diet or insulin, was recorded. Pregnant women who had urinary infections, abnormal serum biochemistry results, pregestational DM, complaints that could cause infections on examination, leukocytosis or leukopenia, which were defined as .15,000 cells/µL and ,3,500 cells/µL, respectively, preeclampsia, or chronic hypertension, or who were morbidly obese or had liver, kidney, or collagen tissue diseases, or could not tolerate the 50 g GCT or 100 g OGTT were excluded from the study.
statistical analyses
The Number Cruncher Statistical System (NCSS) 2007 software (NCSS, LLC Kaysville, UT, USA) was used for statistical analyses. In addition to presenting the descriptive statistics, namely the mean values, standard deviation values, ranges, frequencies, and ratios, the results from one-way analyses of variance that were used for the intergroup comparisons of the normally distributed variables are presented. Games-Howell and Tukey's honest significant difference tests were used to determine the groups that caused the significant differences. Student's t-test was used to assess the data according to the treatment administered. The Kruskal-Wallis test was used for the intergroup comparisons of the non-normally-distributed variables, and the Mann-Whitney U-test was used in the two-group comparisons and to determine the groups that caused the significant differences. Fisher's exact and the FisherFreeman-Halton tests were used for qualitative comparisons of the data. Statistical significance was accepted at the 5% level (P,0.05). All confidence intervals are reported at the 95% level.
Results
This study involved 762 pregnant women who had reliable, complete, and accessible medical records. The women's demographic characteristics and laboratory findings are shown in Table 1 . The patients were stratified into four groups based on their GTT results, as follows: GDM (n=144), IGT (n=76), OSP (n=238), and control (n=304).
There were statistically significant differences between the groups with respect to age, BMI, and the gestational age (P=0.001; P,0.01) ( Table 2 ). Statistically significant differences were found with respect to age and BMI among the GDM, OSP, and control groups (P=0.001; P,0.01) ( Table 3 ). The average age and BMI within the IGT group were significantly higher than those of the control group (P=0.001; P,0.01) ( Table 3) .
The paired comparisons determined that the gestational age of the GDM group was significantly higher than that of the IGT group (P,0.01) ( Table 3 ). The gestational age of the IGT group was significantly lower than those of the OSP and control groups (P=0.001) ( Table 3) . No statistically significant differences were found among the other groups with respect to the gestational age (P.0.05). As we show in pairwise group comparisons, group 2 (IGT) causes a statistical difference with regard to gestational age. However, we think it has no clinical meaning in routine practice, as our primary targeted study group was group 1 (GDM patients).
The groups' laboratory results are presented in Table 4 . There were statistically significant differences among the groups in relation to the leukocyte, neutrophil, and lymphocyte counts (P=0.001; P,0.01). The paired comparisons determined that the leukocyte, neutrophil, and lymphocyte counts were significantly higher in the GDM, IGT, and OSP groups compared to the control group (P=0.001; P,0.01) ( Table 3 ). There were no statistically significant differences among the GDM, IGT, and OSP groups in relation to the leukocyte, neutrophil, and lymphocyte counts (P.0.05).
The platelet counts differed significantly among the groups (P=0.001; P,0.01) ( Table 4 ). The paired comparisons showed that the platelet count was significantly higher in the GDM group compared with the control group (P=0.005; P,0.01) ( Table 3 ). There were no statistically significant differences among the groups with respect to NLR and PLR (P.0.05) ( Table 4) .
The demographic characteristics of and the laboratory results from the patients with GDM who were stratified according to the treatment administered are shown 
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Sargın et al in Table 5 . Statistically significant differences were evident in relation to the 50 g OGTT results according to the treatment method used (P=0.001; P,0.01). The 50 g OGTT values were higher in the patients who had received insulin treatment compared with the patients who were managed through diet (Table 5 ). The neutrophil, lymphocyte, and platelet counts, the hemoglobin levels, and the NLR and PLR did not differ significantly between the GDM patients who received insulin and those who were managed through diet (P.0.05).
Discussion
The findings from this study show that the NLR and PLR are not suitable screening tools for GDM at gestational ages of between 24 weeks and 30 weeks. According to a literature search with the related keywords in relevant topics, this is the first study to compare both NLR and PLR in patients with GDM or IGT. In addition, this is the first study that shows no relation between NLR and PLR with GDM. Previous study findings have demonstrated that leukocyte count is associated with GDM and type 2 DM. In a prospective 26 determined that compared with the normoglycemic pregnant women, the first trimester leukocyte count was significantly higher in the patients who developed GDM at 10.5±2.2×10 3 cells/mL; they also determined linear correlations between the increases in the leukocyte counts and the abnormal GCT and OGTT results during the second and third trimesters. They asserted that their results confirmed the existence of inflammation as a component of the etiology of GDM. However, the neutrophil and lymphocyte counts were not determined separately in their study and, thus, the NLR and PLR were not calculated. In our study, the neutrophil (7,467±1,437 cells/mL) and the lymphocyte (2,274±599 cells/mL) counts were higher in the GDM, IGT, and OSP groups compared to the control group, but no statistically significant difference was found between the GDM and the control groups in relation to NLR.
The findings from a study of 42 patients with GDM and 68 normoglycemic pregnant women conducted by Yilmaz et al 25 showed that NLR was significantly higher in the patients with GDM. The leukocytosis limit in their study was .12,000 cells/mL, and they excluded pregnant women whose leukocytosis exceeded this limit. They found that the average leukocyte count was 7,715±1,463 cells/mL in the GDM group. Yilmaz et al divided their patients into the GDM and non-GDM groups but did not include any subgroups. However, increases in leukocyte counts of up to 15,000 cells/mL during the second and third trimesters are considered normal hematological changes that are 
Notes:
a One-way analysis of variance. *P,0.01. Abbreviations: nlR, neutrophil-to-lymphocyte ratio; PlR, platelet-to-lymphocyte ratio; gDM, gestational diabetes mellitus; igT, impaired glucose tolerance; OsP, only screen positive; ngT, normal glucose tolerance; sD, standard deviation; OgTT, oral glucose tolerance test; h, hours; WBC, white blood cell.
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Sargın et al associated with pregnancy; 27 therefore, the leukocytosis limit in our study was .15,000 cells/mL, and GDM, IGT, and OSP groups comprised part of the study. The leukocyte counts in the current study were 11,300±2,239 cells/mL in the GDM group and 10,618±2,150 cells/mL in the IGT group; hence, they were higher than those determined by Yilmaz et al. In contrast to their study, we analyzed both NLR and the PLR, but we could not determine significant differences among the groups. Moradi et al 28 showed that an elevated leukocyte count, even within the normal range, is associated with chronic complications in type 2 diabetes, such as retinopathy and albuminuria. The findings from Fisher's exact test. *P,0.01. Abbreviations: BMi, body mass index; OgTT, oral glucose tolerance test; WBC, white blood cell; nlR, neutrophil-to-lymphocyte ratio; PlR, platelet-to-lymphocyte ratio; sD, standard deviation.
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hemogram for screening gestational diabetes a study by Vozarova et al 29 showed that a high leukocyte count is a predictive factor for the development of type 2 DM and a reduction in insulin sensitivity. A high leukocyte count is a marker of inflammation, and it is thought that cytokine-induced insulin resistance is a central mechanism that underlies the relationship between inflammation and GDM and DM. In our study, the leukocyte counts were significantly higher during the second and early third trimesters in the women with OSP, IGT, or GDM.
Previous studies have demonstrated the existence of chronic low-grade inflammation and corresponding insulin resistance in the etiology of GDM and type 2 DM. [12] [13] [14] The report from the PROMISE cohort study has stated that all leukocyte subtypes increase proportionally with insulin resistance in patients with DM. 30 In the ATTICA study, Pitsavos et al 15 compared inflammatory markers, including CRP, IL-6, TNF-α, homocysteine, and serum amyloid A, in patients with type 2 DM (n=210) with those in healthy subjects (n=2,338). They found that the CRP, IL-6, and TNF-α levels were significantly higher in patients with type 2 DM than those in healthy subjects. A multivariate analysis showed positive correlations between blood glucose, insulin, and the CRP and IL-6 levels.
Ozyer et al 31 investigated the leukocyte counts and the CRP and IL-6 levels in pregnant women with NGT or GDM who underwent GTTs, and they found that these inflammatory markers were not associated with GDM during the second or early third trimesters. Moreover, the findings from a study conducted by Ozuguz et al 32 showed that the highsensitive (hs) CRP and plasma lipid levels were significantly higher and that the carotid intima-media thickness was significantly greater in the GDM group than in the control group at the 1-year postpartum follow-up assessment. They defined GDM as a transient metabolic syndrome and a subclinical inflammatory condition that is associated with elevated hsCRP levels. Xia et al 33 evaluated early carotid atherosclerosis in patients with histories of GDM and found that the levels of hsCRP and asymmetric dimethylarginine, which is an endogenous nitric oxide synthase inhibitor, were higher in patients with histories of GDM compared to the control group. Atègbo et al 34 investigated the effects of adipokines and cytokines on GDM and macrosomia and found that the serum adiponectin concentration was low but the levels of leptin, TNF-α, and IL-6 were high in the patients with GDM compared to those in the control group. Furthermore, the adipokine, leptin, TNF-α, and IL-6 levels were low in macrosomic newborns, and they were inversely proportional to the insulin levels and BMI values. Adiponectin and TNF-α levels were measured from 8 weeks to 14 weeks of pregnancy in the Parity, Inflammation, and Diabetes Study, 35 and the adiponectin level was found to be associated with the BMI and showed inversely proportional decreases according to the gestational age. The investigators stated that neither the adiponectin level nor the TNF-α level was associated with the GCT and that adiponectin was not a predictor of GDM during the first trimester. The cytokines discussed in these studies are not used to screen for GDM because of their high analytical costs, difficulties associated with their assessment in daily practice, their low specificity, and the lack of quantitative cutoff values.
These cytokines or inflammatory markers are produced by T-helper 1 cells (IL-2, IFN-γ, and TNF-α), T-helper 2 cells (IL-4, IL-5, IL-6, IL-10, and IL-13), and fat tissue. In this study, we compared the neutrophil and lymphocyte counts in different groups to assess the relationship between GDM and inflammation and to demonstrate changes in the lymphocyte counts as sources of the increased cytokine levels in the blood. We did not find significant differences among the groups; however, higher lymphocyte counts were observed in the GDM, IGT, and OSP groups compared to the control group. No significant changes occurred in the absolute lymphocyte count or in the T-and B-lymphocyte counts in healthy women who had normal pregnancies. 36 The findings from the current study suggest that the lymphocytes are an important source of the increases in the cytokine levels that are associated with GDM, and this concurs with the aforementioned literature.
Adipose tissue is an endocrine organ that is important in metabolic homeostasis, and adipocytes are most commonly seen in this tissue together with stromal preadipocytes, fibroblasts, endothelial cells, and immune cells. 16 Adipocyte differentiation, glucose and lipid metabolism, and satiety play important roles in immune regulation, cardiovascular function, and neuroendocrine physiology. An increase in the level of body fat elevates the inflammatory cytokine levels, particularly TNF-α and IL-6 levels. Many aforementioned publications describe inflammation, increases in cytokine levels, as well as DM and their associations with obesity. However, in our study, no statistically significant difference was found between the GDM and the control groups in relation to the NLR.
As an indicator of the amount of maternal adipose tissue, we observed that the BMI was significantly higher in the GDM and IGT groups. Christian and Porter compared the IL-6, IL-8, CRP, TNF-α, and IL-1β levels during each trimester and in the postpartum period in women who had normal BMIs, were overweight, or were obese, and they showed that only the CRP and IL-6 levels increased proportionally submit your manuscript | www.dovepress.com
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Sargın et al with the BMI. 37 Stewart et al 17 demonstrated that the CRP levels increased significantly during each trimester and that the IL-6 levels increased during the second and third trimesters in obese women. Friis et al 38 measured the levels of several serum inflammatory mediators, including CRP, IL-6, monocyte-chemoattractant protein-1, IL1-Rα, TNF receptor II, and IL-10, and they observed that the levels of these mediators increased during early pregnancy until the mid-pregnancy period but there were no significant increases in the levels of these mediators toward the end of pregnancy. Based on their results, and contrary to other studies, Friis et al asserted that increases in the levels of fat tissue during pregnancy were not associated with changes in the inflammatory condition. Sen et al 39 investigated the effect of prepartum obesity on the inflammatory marker levels, oxidative stress, and the micronutrient status in their prospective case-control study, and observed increased levels of inflammation and oxidative stress as well as lower levels of nutritional antioxidant defenses in patients who had been obese before they became pregnant.
NLR has been used to predict DM complications, and it has been shown that an increase in NLR is a predictive factor for hearing loss 40 and the development of diabetic retinopathy, 41 early diabetic nephropathy, 42 and coronary artery disease 43 in patients with DM. Patients with only type 2 DM were involved in these studies, and they substantially differed from the patients in our study. For example, the patient population in our study was much younger, and our study was conducted on women who were at the earliest stages of GDM. Furthermore, GDM is an incipient disease compared to DM, and a pregnant woman's exposure to the metabolic effects of DM is much shorter compared to those who have type 2 DM. Moreover, there are differences between our study and other studies in terms of the physiological effects of pregnancy and the accompanying metabolic and systemic changes associated with DM. We think that these demographic and clinical features, including the pregnancy status, the duration of diabetes, and the accompanying comorbidities, may be the causes that underlie the differences between our results and those that are reported in the literature.
The current study has some limitations, which include its retrospective design and the absence of laboratory data relating to the insulin levels or insulin resistance. Furthermore, some of the data for the inflammatory cytokines described in the literature could not be analyzed.
Conclusion
On the basis of our study, we do not recommend blood NLR and PLR as markers to be used to screen for GDM. The increase in the leukocyte count is an important marker for GDM, as it provides evidence of subclinical inflammation. NLR and PLR may be used during the postpartum period as screening tests in the follow-up of patients with GDM to prevent the development of type 2 DM and its complications. Further prospective studies are needed to determine the threshold values and frequency of follow-up assessments of NLR and PLR.
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